A Schiff-base, I, was prepared by the condensation reaction between the amine trimethoprim and the aldehyde triethyl orthoformate in 1:1 M ratio. The metal complexes of Cu 2+ , Zn 2+ and La 3+ were derived from the ligand I. Based on the elemental analysis and the IR, UV-Vis, 1 H NMR and MS spectra analyses the chemical structures were emphasized.
Introduction
Various heterocycles occupy an important place owing to their versatile bioactivities due to the presence of multifunctional groups (Joseyphus et al., 2006) . Schiff-bases and pyridine derivatives are reported to possess significant antibacterial, antifungal and anticancer activities. The mode of action may involve the formation of a hydrogen bond through the azomethine nitrogen atom with the active centers of cell constituents, resulting in interference with the normal cell processes (Venugaopala and Jayashree, 2003; Vashi and Naik, 2004; Chohan et al., 2004) .
In addition to the nitrogen atom, Schiff-base possess at least one functional group so situated that, on complexation with a metal ion, five-or six-membered ring is formed. Metal chelates derived from Schiff-bases have been well known for over one hundred years. A wide variety of chelating Schiff-bases can be made by changing the nature and position of the functional group and introducing different substituents into the reacting molecules (Sunatsuki et al., 2002; Che and Huang, 2003; Khanmohammadi et al., 2007; Di Bernardo et al., 2007; Ruck and Jacobsen, 2002; Adsule et al., 2006; De Geest et al., 2007; Beckmann and Brooker, 2003; Brooker, 2001) .
It was reported that incorporation of the transition metal into Schiff-bases augment the biological activity of the ligand and decreases the cytotoxic effects of both the metal ion and ligand on the host. The increase in activity of metal chelates with the increase in their concentration is due to the effect of metal ions on the normal cell processes (Raman et al., 2001) . In the past few decades the Schiff-base complexes are becoming increasingly important as biochemical, analytical and antimicrobial reagents (Tu¨mer et al., 1998; Pyrz et al., 1985) . Hassan et al. (1997) reported that 6-amino-5-cyano-1,4-dihydro-4-pmethoxyphenyl-1,3-diphenyl pyrano [2,3-c] pyrazole reacts with triethyl orthoformate in acetic anhydride to give ethyl N-(5-cyano-1,4-dihydro-4-p-methoxyphenyl-1,3-diphenyl-pyrano [2,3-c] pyrazole-6-yl) methanimidate. Metal complexes of Fe(III), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) with salicylidine-2-aminobenzimidazole were synthesized (Kriza et al., 2000) . It was proved that the ligand is coordinated to the metal ions in a tetradentate manner with O, N, and N donor sites of the phenolic-OH, azomethine-N and benzimidazole-N 3 .
In the present work the Schiff-base ethyl N-2-amino-5-(3,4,5-trimethoxybenzyl) pyrimidine-4-ylformimidate was prepared by the condensation reaction between trimethoprim and triethyl orthoformate. Some ligand metal-complexes were synthesized and characterized by physicochemical and spectral analyses. Some title compounds were subjected to c-radiation and the aftermath was spectrally investigated.
Experimental

Materials
All the employed chemicals were Merck-Germany, products. The Schiff-base implemented amine is trimethoprim and the applied aldehyde is triethyl orthoformate. Metal-complexes were prepared by using the metal salts: Cu(CH 3 COO) 2 AEH 2 O, Zn(CH 3 COO) 2 AE4H 2 O and LaCl 3 AE7H 2 O. Solvents and other used chemicals were of highly pure grade.
Instruments
The IR spectra were recorded by Perkin Elmer 57928 RXIFT-IR systems. Electronic absorption measurements were performed by Perkin Elmer lambda 35 UV-Vis spectrophotome ter. The 1 H NMR spectra were carried out by Varian, Gemini 200 MHz spectrometer. Hewlett Packard MS 5988 spectrometer was used for mass spectrometry. Thermal analysis was applied by Shimadzu 50. Gamma-cell 220A was used for irradiation processes. Conductance Engineered System, USA, was employed for the conductometric titration and molar conductance measurements.
Methods
The investigation was supported by the conductometric titration by titrating 10 ml of 10 À3 M metal ion solution with increasing volume of 10 À3 M complexing agent solution of Schiff-base using dimethyl sulfoxide (DMSO) as the solvent and the conductance was then recorded after stirring for about 2 min and correction for dilution. The least square regression (Chalt and Waston, 1962) was applied and the following equation was implemented:
where Y is the conductance volume, X is the volume of solution, m is the slope and b is the intercept. The yields of both methods admitted the least ratio of 1:1. The molar ratio investigation was carried out by preparing 1.5 ml metal salt solutions kept constant at 10 À3 M in dimethyl formamide (DMF) while adding the ligand at a regular variable concentration of 0.4-4 · 10 À3 M. The UV absorbance of the mixed solution was recorded at 276, 307 and 316 nm for Cu 2+ , Zn 2+ and La 3+ , respectively. The Schiff-base (I) was prepared by condensation reaction in which the aldehyde, 0.1 mol, was dropwise added to the amine, 0.1 mol, with continuous stirring. Thereafter, the reaction mixture was heated at 100°C for about 10 min in the presence of 5 ml ethanol or acetic acid. The isolated yields were purified by recrystallization from a solvent (Table 1) .
Metal complexes were prepared by the addition of equimolar metal salt solution, 0.004 mol, to the Schiff-base in 25 ml ethanol. Thereafter, the reaction mixture was heated under reflux for 6 h. The solvent was then allowed to evaporate at room temperature (Table 1) .
A complementary study based on the electronic absorption spectra and the magnetic moment measurement of metalcomplex, via Faraday method, was employed to envisage the coordination geometry. The UV-Vis absorption within, 200-1100 nm, was examined for DMF 10 À5 M solutions in the UV-and 10 À3 M in the Visible sector at room temperature. Meanwhile, the molar conductance of metal-complexes was detected in 10 À3 M DMF solutions at room temperature.
Irradiation process was carried out for 10 À5 M in the UV-sector and 10 À3 M in the Visible-sector DMF solutions of the selected synthesized substances by an integral gamma dose of 30 kGy at a dose rate of 1.2 Gy s À1 under ambient conditions. The post-radiation aftermath was followed up by UV-Vis spectral analysis at the above-mentioned concentrations. The synthesized compounds were also tested for the antimicrobial activity using ampicillin as a reference (Hewitt and Vincent, 1989) .
Results and discussion
Schiff-base structure analysis
Based on the means of elemental analysis and the reported data of the IR, UV, NMR and MS measurements, the configuration of Schiff-base I was reasonably suggested.
IR
Two weak bands at 3330 and 3174 cm À1 were characterized for the amines group's bonds. The aromatic C-H bond was demonstrated by the stretching vibration at 3093 cm À1 , whereas the bands at 2938 and 2840 cm À1 were assigned for the aliphatic C-H bonds of the azomethine group. Meanwhile, the bonds at 1646 and 1586 cm À1 were predicated for the C‚N bonds in the azomethine and the pyrimidine rings, respectively. The sharp bond 1502 cm À1 was ascribed to C‚C bonds and the bonds at 1414 cm À1 were accounted for the aromatic C-H deformation mode of vibration. Meanwhile, the band which appeared at 1306 cm À1 was determined for the C-N bonds. The C-O-C bonds were suggested to appear by the bands at 1240, 1122 and 1004 cm À1 .
UV
Within the region k max = 202-247 nm unresolved structures appeared suggesting the ( 1 L a ‹ 1 A) transition of the phenyl ring, whereas the peak at k max = 259 nm was accounted for the ( 1 L b ‹ 1 A) phenyl ring transition. The p-p * transition of the C‚N group was presented by the absorption at k max = 272 nm, while the broad bands at k max = 330 nm were ascribed to the n-p * transition of the azomethine group.
1 H NMR
The Schiff-base I in DMSO-d 6 revealed the following 1 HNMR signals. A triplet at d 1.3 represents the methyl protons in the ethyl group, whereas the methylene proton could be detected as a quarter at d 3.72. Meanwhile, the protons of the methylene group connecting the phenyl and pyrimidine rings could be assigned by the singlet at d 3.57. The chemical shift at d 3.6 was attributed to the methoxy group protons. The amine group connected to the pyrimidine ring exhibited a singlet at d 4.4 which disappeared by the addition of D 2 O. The aromatic protons in the substituted aromatic ring with the methoxy groups demonstrated two signals at d 7.5 and d 7.8. Further, the aromatic protons of the mono substituted phenyl revealed a multiplet within the region d 6.4-6.8. The azomethine proton exhibited a singlet at d 8.25, whereas the pyrimidine ring proton gives a singlet at d 8.35.
MS
The mass spectrum of the Schiff-base I displayed the molecular peak at m/e = 346 (31.7%). The ion peak at m/e = 318 (100%) was assigned for the base M + (C 15 
Metal-complexes analyses
The metal-complexes of the Schiff-base I a-c were synthesized by incorporating the metal ions Cu 2+ , Zn 2+ and La 3+ , respec-Scheme 1 Ethyl N-2-amino-5-(3,4,5-trimethoxybenzyl) pyrimidine-4-ylformimidate. tively. Illustration of the metal-complex configuration was undergone by applying the elemental, Table 2 , and spectral analyses.
IR
The associated water molecules were detected in I a,c by the bands observed at 3552 and 3474 cm À1 , respectively. The aromatic C-H bond was located at 3254, 3067 and 3172 cm À1 in I a-c , respectively, while, the in-plane bending deformation of the bond appeared at 1434, 1450 and 1422 cm À1 , respectively. Weak bands were observed at 2970, 2970 and 2918 cm À1 in the same spectra, respectively, representing the aliphatic C-H bands of the azomethine and the acetate groups. Meanwhile, the bands observed at 1570, 1502 and 1658 cm À1 in I a-c , respectively, were assigned also to the azomethine group.
The acetato complexes displayed t as COO À and t sym COO À at 1640 and 1545 cm À1 and 1348 and 1363 cm À1 in the spectra of Cu-and Zn-complexes, respectively. Also, the C-O-C bonds revealed the bands at 1238, 1205 and 1238 cm À1 in I a-c spectra, respectively. Meanwhile, the bands at 620, 620 and 626 cm À1 in the same complexes, respectively, were assigned for the M ‹ N bond. In addition, the M ‹ O bands were also predicated by the bands observed at 452, 379 and 512 cm À1 , respectively. In addition, the bands at 3452 and 3330 cm À1 in Cu-and La-complexes were attributed to the N-H bonds.
UV-Vis and magnetic behavior: coordination geometry
The magnetic properties of metal-complexes, as a result of the isolating effect of the ligand yield direct information on electronic configuration of the central ions, oxidation state of metal ion and the number of the unpaired electrons of the d-shell.
Metal-complexes I a , I b and I c displayed absorption bonds within k max = 203-246 nm and k max = 250-255 nm that reveal the transitions of the ligand phenyl ring ( 1 L a ‹ 1 A) and ( 1 L b ‹ 1 A). On the other hand, the bonds within k max = 272-274 nm represented the p-p * transitions, whereas the n-p * transitions of the C‚N in the azomethine groups appeared within k max = 330-331 nm. The d-d transitions were detected within k max = 379-797 nm.
The measured magnetic moment at room temperature of Cu, l eff = 1.85 B.M., is consistent with the normally observed for distorted octahedral for Cu(II)-complexes (Kumar et al., 1991) . The 2 E g and 2 T 2g states of the octahedral Cu 2+ ion (d 9 , 2 D term) split under the influence of the tetragonal distortion due to ligand field and Jan-Teller distortion effect (Miessler and Tarr, 2004) . The electronic spectrum of I a exhibited absorption bands within k max = 379-797 nm which can be assignable to the expected spin allowed transition produced by the distortion effect: 2 B 1g fi 2 A 1g , 2 B 1g fi 2 B 2g and 2 B 1g fi 2 E g . The Zn-and La-complexes I b and I c are diamagnetic possessing Scheme 2 Analyses conformations suggested for the metal-complexes I a , I b and I c .
c-Irradiation and characterization of synthesized methoxybenzylpyrimidine formimidate Schiff-base the octahedral coordination. Measured magnetic moments are tabulated in Table 2. 3.9. 1 H NMR spectra 1 H NMR spectrum of Zn-complex I b was recorded in DMSO-d 6 . The azomethine proton showed a singlet shifted at d 8.2. Meanwhile, the aromatic protons exhibited multiplet signals within d 6.5-7.3. The presence of a number of methyl groups yielded a high-intensity shift at d 2. In addition, the disappearance of the amine proton shift suggests the participation of the amine group in the complexation process.
In view of the aforementioned analyses the conformations may be suggested for the metal-complexes I a , I b and I c represented in Scheme 2.
Miscellaneous behaviors
c-Irradiation stability
In 10 À5 M DMF solution ligand I was c-irradiated at conditions of: 30 kGy total integral dose at a dose rate of 1.2 Gy s À1 , neutral medium and ambient air and room temperature. At relatively low dose rate the linear energy transfer favors the non-inter radical reactions (Baxendale and Wardman, 1975) , and the excitation energy received by the aromatic systems is channeled to relatively low-energy triplet excited states which have a low probability of dissociation (Burns and Barker, 1968) . Heterocyclic compounds that have aromatic character are also resistant toward radiation if the yield of H 2 is taken as the criterion, although they may produce appreciable yields of polymer (Berk and Gisser, 1973) . The reason is that aromatic radicals generally combine rather than disproportionate (Proskurnin et al., 1956) .
As ligand I possesses two different types of aromatic rings, one of them is heterocyclic, it also possesses two different alkyl-oxygen groups, namely -O-CH 3 and -O-C 2 H 5 . The radiolysis of ethers tends to center on the oxygen functional group rather than on the hydrocarbon chain. In other words, band scission is predominantly C-O and C-C, that is adjacent to the ether oxygen, rather than the C-H scission (Sumiyoshi et al., 1985) . The hydrocarbons formed in greatest yields by radiolysis result from the rupture of the alkyl-oxygen bond (Kiss and Teply, 1971) .
With an analogy to c-radiolysis of acetone at a relatively low dose rate, DMF methyl radicals may produce similar products, e.g. H 2 , H 4 and CO, and also attack the substrate yielding several products (Grimsrud and Kebrle, 1973) .
Generally, the impact of c-radiation on the UV spectrum of I was significant as the phenylic transition region, within k max = 200-260 nm, exhibited various better resolved shapes. Contrarily, the next region, within k max = 260-320 nm, revealed the destruction of the n-p * transition at k max = 320 nm of the azomethine bond and the cluster of the p-p * transitions into an indistinctive shape of markedly higher absorbance. It is evident that c-irradiation generated differentiable structures with appreciable formation of longer conjugated systems borne by radical-radical recombination, beside the rupture of the C‚N band. Guided by the MS yields, as a first approach (Dessouki et al., 1986) , three potential radiolysis products may be suggested shown in Scheme 3:
The metal-complex I a demonstrated within the region, k max = 200-280 nm, showed a remarkably higher absorbance steady character all over the spectral region. Meanwhile, within the range k max = 290-340 nm nearly five distinctive shapes instead of ambiguous fingerprint were detected with substantial reduction in absorbance. On the other hand, over the extended visible region, at a concentration of 10 À3 M, a slightly resolved hump within the range k max = 650-850 nm was turned out to a smooth hump with a k max = 711 nm. Evidently, distortion of the complex structure by irradiation is definite at the applied conditions with consequent formation of several structures shown by multi resolved fine spectral shapes (Becker, 1997) .
Thermal stability
The thermogram of the Zn(II) metal-complex I b revealed four decay stages. The first showed a loss of 9% at 235°C describing the missing of [C 2 H 5 O] adduct. The followed stage was of 17.86% which took place within the region 235-320°C corresponding to the isolation of one acetate group and the adduct [CH 3 O]. The third decay was of 25.95% within the range 320-590°C of the adduct [C 6 H 4 N 4 ]. The last loss was of 29.3% within the range 590-910°C attributed to the separation of the adduct [C 9 H 10 O 2 ]. A residue of 18.1% corresponding to 98 mass unit was thermally stable up to 1000°C and was referred to ZnO and half oxygen molecules.
Molar conductance
The molar conductance of the metal-complexes I a-c was measured in 10 À3 M DMF solution at room temperature. The respective results of Cu-, Zn-and La-complexes were 12.6, 19.8 and 412 X À1 cm 2 mol À1 . The relatively low values of I a,b suggest that the anions associated with the metal-complexes are neutral and behave as non-electrolyte complexes. The reported values indicate the 1:2 electrolyte in the case of I c suggesting the ionic nature (Ying et al., 2004) .
Antimicrobial activity
The metal-complexes I a-c were investigated with reference to Ampicillin while dissolved by 1 g/ml DMSO. Against the Gram-positive Bacillus subtilis (NCTC-1040), only I a showed moderate inhibition. Further, against Streptococcus pyogens (ATCC-19615), similar results were obtained.
The Gram-negative bacteria examinations exhibited the following: for Escherichia coli, I a showed very high activity, whereas I b and I c revealed significant and moderate inhibition, respectively. For clostridium, only I a showed moderate inhibi-Scheme 3 Postulated radiation-induced species. tion using Clofran as a reference negative antifungal results were obtained out of all applied metal-complexes.
Conclusion
The chemical structure of the Schiff-base I and metalcomplexes derivatives I a-c was discussed and verified on the basis of elemental and spectral analyses. The coordination process was confirmed by the discrepancies and the appearance of new signals in the different types of spectra. The Cu-complex revealed the tetragonal distortion effect, whereas the Zn-and La-complexes demonstrated the octahedral coordination. The c-irradiation process at the applied conditions revealed for I a-c obvious less stability in comparison with the ligand as detected by the post-radiation trace within the UV-Vis spectral region. The radiolysis of the ligand and metalcomplex substrates as well as the solvent was argued and some likely produced species were suggested. The TGA of I b confirmed the coordination process with the inclusiveness of the acetate group and the remainder of ZnO. The relatively low molar conductance values shown for I a,b suggest that the anions associated with the metal-complexes are involved in the coordination sphere. Thus, the metal-complexes are neutral and behave as non-electrolyte complexes. The ionic structure of I c was inferred by the ratio 1:2 electrolyte. On the other hand, I c revealed only moderate inhibition against the Gramnegative bacteria E. coli, whereas I b gave significant inhibition. The latter showed similar effect against the Gram-positive B. subtilis and S. pyogens (ATCC-19615) .
